Abstract Mutations in the PEX7 gene encoding a peroxisome targeting signal 2 (PTS2) were identified in two patients with rhizomelic chondrodysplasia punctata (RCDP). A 7-year-old girl, the first Japanese individual to be diagnosed biochemically as a case of RCDP, had a novel nonsense mutation, R232ter, in the PEX7 gene, which had been inherited from her consanguineous parents. Another patient, a Chilean boy with RCDP, had compound heterozygous mutations of PEX7, L292ter and A218V, both of which have been documented. R232ter, which deletes all of the last two WP40 repeats in the PEX7 gene, is sufficient to inactivate functions of the PEX7 gene.
Introduction
Rhizomelic chondrodysplasia punctata (RCDP; McKusick 215100) is a fatal autosomal recessive disorder characterized by the presence of calcific stippling of multiple joints, disproportionately short stature with symmetrical shortening of proximal extremities, typical craniofacial dysmorphism, and severe mental and growth retardation. Biochemical abnormalities in RCDP include deficiency of acyl-coenzyme A (CoA), dihydroxyacetone phosphate acyl transferase (DHAPAT), alkyl-dihydroxyacetonephosphate synthase (alkyl-DHAP synthase), and phytanoyl-CoA hydroxylase, and the absence of the mature form of peroxisomal 3-ketoacyl-CoA thiolase (PT) (Lazarow and Moser 1995) . The gene involved, human PEX7, which encodes the receptor of peroxisome targeting signal (PTS) 2, was identified, and its mutations, L292ter, G217R, and A218V were identified in RCDP patients (Braverman et al. 1997 , Motley et al. 1997 , Purdue et al. 1997 . We now report a novel nonsense mutation in a 7-year-old girl, the only Japanese individual to have been diagnosed biochemically. We also report compound heterozygote mutations noted in a Chilean patient.
Patients and methods

Patient 1
This 7-year-old girl is the first-born child of Japanese parents who are second cousins, and has clinical and biochemical abnormalities characteristic of RCDP, including DHAPAT deficiency and the precursor form of PT (Suzuki et al. 1993) . Psychomotor retardation in this girl is severe.
Patient 2
This 7-year-old Chilean boy has the typical RCDP phenotype and inversion of chromosome 8 (Castillo-Taucher et al. 1991) . Biochemical analysis revealed a deficiency in DHAPAT activity (patient 2, 0.59nmol/mg per 2 h; patient 1, 0.35nmol/mg per 2 h; control, 1.99 Ϯ 0.18nmol/mg per 2h), and the presence of the precursor form of PT on immunoblotting (data not shown). Psychomotor retardation is also severe in this boy.
To search for mutations in the PEX7 gene, we made use of reverse transcription-polymerase chain reaction (RT-PCR) to amplify PEX7 cDNA (GenBank accession numbers: U88871) from fibroblast RNA isolated from the two patients. We used primers 5Ј-GATGAGTGCGGTGTG-CGGTG-3Ј (forward) and 5Ј-ACTCCTGCTGCTTCA-CATC-3Ј (reverse) to obtain a 570-bp product, primers 5Ј-TTTTGCTTCAGCCTCAGGTG-3Ј (forward) and 5Ј-ATAGGTATGACCAAGAAGTT-3Ј (reverse) to obtain a 220-bp product, and primers 5Ј-GGAATGTACGAC-AACCAGTG-3Ј (forward) and 5Ј-GACCAAAGTAGT-GTATCTCA-3Ј (reverse) to obtain a 304-bp product. The amplified DNA fragments were directly sequenced using an automated DNA sequencer. Genomic DNA was obtained from the fibroblasts from patient 1, and blood samples were taken from her parents, followed by PCR amplification, using primers 5Ј-GGGCGGTTGACTGTAGTTTG-3Ј (forward) and 5Ј-ATAGGTATGACCAAGAAGTT-3Ј (reverse) to obtain a 80-bp product containing the R232 codon. DHAPAT activities and immunoblotting were performed as described (Shimozawa et al. 1988a , Shimozawa et al 1988b .
Results and discussion
Direct sequencing of PCR amplified PEX7 cDNA from patient 1 revealed a C-to-T transition at position 694 (hereafter, starting from the first nucleotide of the initiator methionine codon), which led to an Arg232-to-termination codon (Fig. 1) . Only this mutation was observed at the position of cDNA, so we next determined the mutation in genomic DNA from the patient and her consanguineous parents. The parents were shown to be heterozygous for the mutation (Fig. 1) , and the patient was homozygous for this mutation (data not shown). This suggests that patient 1 inherited the R232ter mutation from her parents.
The PEX7 cDNA of patient 2 contained compound heterozygous mutations of C-to-T transition at position 635, resulting in Ala218-to-Val and a T-to-A transition at position 875, resulting in Leu292-to-termination codon (data not shown); both of these mutations have been reported (Braverman et al. 1997 , Motley et al. 1997 , Purdue et al. 1997 .
PEX7 is the PTS2 receptor containing six consecutive WD40 motifs, and rescues PTS2 import in fibroblasts from RCDP patients (Braverman et al. 1997 , Motley et al. 1997 , Purdue et al. 1997 . The L292ter mutation is frequent among RCDP patients and severely impairs functions of the PEX7 gene (Brites et al. 1998 ). This mutation deletes nearly all of the last WD40 repeat and the additional downstream sequence in the PEX7, which could inactivate PEX7 function. The newly identified R232ter mutation truncates 60 amino acids shorter than the R292ter, and deletes all of the last two WD40 repeats. This suggests that, in patient 1, the only Japanese patient to be diagnosed biochemically as a case of RCDP, the condition is caused by the homozygous R232ter mutation in PEX7, inherited from her parents.
